Introduction
The development of new technology to generate very high power laser pulses has opened new vistas of novel applications not only in other fields but also in plasmas such as plasma based accelerators (Clayton et al. (1994) ; Kitagaw et al. (1992) ; Sarkisov et al. (1999) ) advanced laser fusion scheme and new radiation sources (Kaw et al. (1973) ; Kruer (1988); Milchberg (1995) ; Tabak et al. (1994) ). This has given a boost to study propagation characteristics of high power lasers in plasma medium. Thus for the success of above mentioned applications it is only desirable that laser beam propagate over sufficient number of Rayleigh lengths (R d ). But in vacuum, laser propagation is limited by the diffraction process, the characteristic distance of which is Rayleigh length Z d = πr 2 0 λ , where λ is laser wavelength and r 0 is spot size. However, such situation is prone to large number of instabilities and other undesirable effects (Kruer (1988) ). Self-focusing and filamentation are genuinely nonlinear basic physical mechanisms and plays crucial role in propagation of lasers in underdense plasma (Akhmanov et al. (1968, 
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1996); Sodha et al. (1974) ). Self-focusing is due to increase of dielectric constant on axis relative to the edge of the beam, resulting from averaged quiver motion of electrons with their subsequent expulsion from the region of high intensity.
This mechanism is of ponderomotive type and operates on time scale of the order of r 0 vs , where r 0 is the dimension of the beam and v s is the ion acoustic speed (Sodha et al. (1976) ). As high power lasers are used, the quiver motion also reduces the local plasma frequency and can lead to relativistic self-focusing.
Relativistic and ponderomotive self-focusing have been investigated by a number of researchers (Borisov et al. (1998); Chen et al. (1998) ).
In order that laser beam propagate several Rayleigh lengths, the guiding of laser pulse becomes essential. Particularly in the presence of self-focusing, stable guiding over large under dense plasma is needed. Since self-focusing is sensitive to spatiotemporal profile of the laser beam intensity, external guiding systems seems to be favourable. Plasma channels (Anderson & Bonnedal (1979); Clark & Milchberg (1997) ; Karlsson (1992) ; Karlsson et al. (1992) ; Krushelnick et al. (1997); Manassah et al. (1988) ) have been proposed as the means of guiding laser pulses over long distances. Several experimental methods have been proposed to create plasma channel (Esarey et al. (1996) ). (Durfee & Milchberg (1993); Milchberg et al. (1996) ) prepared channel of 1 cm length in high Z-gas but when the main pulse is injected the channel was easily destroyed by the production of additional free electrons due to further ionisation. Gaul succeeded in the propagation of channels containing fully ionised helium ions and demonstrated the distortion free guiding of a high power laser pulse over a distance of 1.5 cm. (Fauser & Langhoff (2000) ) achieved a guiding over 180 times the Rayleigh lengths. If we create the channel by focusing an intense prepulse, then channeling pulse must propagate through a large plasma region without being absorbed or beam break up due to filamentation. This prepulse with Gaussian radial distribution will modify plasma density profile. Index of refraction of plasma thus created will have minimum on the axis and increases radially outwards.
Such a medium will behave as a defocusing lens. The particle in cell (PIC) code developed by (Durfee & Milchberg (1993) ) predicted the formation of plasma channel with density minimum on the axis, a few second after the ionisation 2.2 Dielectric constant pulse is gone. The dynamics of second pulse sent through such a channel will be governed by competing processes of diffraction and refraction.
Based on some earlier observations, (Liu & Tripathi (1994) ) developed a theoretical model for the propagation of delayed pulse in the preformed channel. They used paraxial ray (PR) and Wentzel-Krammers-Brillouin (WKB) approximations to study the competing physical mechanisms of self-focusing and diffraction. The main drawback of this theory is that it overemphasizes the importance of field close to beam axis and lacks global pulse dynamics. Their prediction showed that propagation is only limited to approximately six Rayleigh lengths. Later on (Gill (2000)) used the variational approach to study the optical guiding of laser beam in non uniform plasma. The guided pulse was observed to propagate 12.5 Z d before the diffraction process dominates.
Situation become piquant when laser beam along with electron beam propagates. Such observations is supported by the experiment and PIC simulations.
In a high power short pulse laser plasma interactions, it is revealed that there is strong flow of energetic electrons co-moving with the laser beam. This would definitely play crucial role in ambipolar diffusion process and lead to significant change in modified dielectric constant. In this investigation, author is going to examine the role of energetic electrons on laser plasma channeling.
Dielectric constant
We consider two types of electrons, viz, plasma electrons and beam electrons.
Let the density and velocity of beam electron be n (1991)), we can show that the nonlinear permittivity of the medium can be written as :
where,
1/2 and ω pb = (
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Here ω p0 and ω pb is the frequency of the laser beam and electron beam, respectively, γ 0 is the relativistic factor. The value of α and β in the above is 0.85 and 0.35.
The Basic Formulation
The fundamental equation which governs the evolution of the field in plasma medium is nonlinear wave equation. In slowly varying envelope approximation, and with the nonlinear dielectric constant given by (Tiwari & Tripathi (1991) ), the parabolic equation governing the complex amplitude of laser beam is given by:
The exact solution of equation (2.2) is not available and we, therefore seek either numerical or analytical approximate method. Although several approximate methods are available. We have used a powerful variational method which have been used in several nonlinear wave problem in many physical systems (Anderson (1983) 
Thus the solution to the variational problem:
also solves the nonlinear Schrödinger equation(2.2). The simplest choice of trial function, we assume Gaussian laser beam of the following form:
Using A 0 given by equation (2.5) in to L, we integrate L to obtain:
Thus we have arrived at reduced variational problem. We solve the above integral to give:
where
ω 2 (2.10)
with exponential integral
The following Euler-Lagrangian equations are:
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Equation (2.14) and (2.15)yields the familiar relation
From equation (2.19) we get:
Variation with respect to A ′ 0 , A * ′ 0 , a etc. and using the standard procedure of (Anderson & Bonnedal (1979)), we arrive at the following equations for a, φ:
Discussion
We usually write the above equations in the dimensionless form using ξ =
Equations (2.23) 
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these values of intensity parameters. It is observed that phase is negative with distance of propagation. However, φ regularised is always negative (not shown).
In the following section we discuss the stability criterion associated with nonlinear dynamics of the beam.
Stability Criterion
The stability properties of system of ordinary differential equations is determined by solving them for equilibrium points (Skarka & Aleksic (2006) To study the stability properties of the system (Skarka & Aleksic (2006)), the following Jacoby determinant is constructed from derivatives with respect to amplitude, width and curvature in terms of S, F and G.
where f > 0 is a necessary condition for the stationary solution to be stable, f < 0 is a necessary condition for the Hopf bifurcation to emerge. It is observed that the condition f > 0 is satisfied for the chosen set of parameters and therefore Hopf bifurcation, resulting from the unstable fixed point, does not come into play, leading to overall stability of the beam dynamics.
Conclusions
In this chapter, author has studied the self-focusing and self phase modulation of laser electron beam plasma system. Increase in intensity leads to decrease in nonlinear term with dominance of self-focusing over the spatial dispersion. Contribution of the electron beam leads to guiding of the laser beam over very large number of Rayleigh lengths. The longitudinal phase may be positive or negative depending on the value of intensity parameter. In addition to this, the condition of Hopf bifurcation for determining the overall stability of beam dynamics, is satisfied in the present investigation. *********************************
